Question: How variable is the pioneer plant community on glacier forelands in southern Norway, both in terms of species composition and geographical distribution?
Introduction
Glacier retreat during the 20th century has been a response to both relatively high summer temperatures and relatively low winter precipitation (Nesje 1989; Winkler 1996) and it is predicted that up to 98% of Norwegian glaciers may disappear by 2100 (Nesje et al. 2008) . Land uncovered by glacial retreat provides an opportunity to study the earliest stage of primary succession, in which pioneer plant colonisation occurs. Understanding this initial phase of vegetation establishment is a vital component of successional theory, has practical application for land reclamation and habitat restoration and, in light of predicted climate change, it is important that the species composition of glacier foreland pioneer zones is recorded. Studies of vegetation succession on recently deglaciated terrain were reviewed by Matthews (1992 Matthews ( , 1999 , and recent studies of plant colonisation on glacier forelands include Jones & del Moral (2005) , Haugland & Beatty (2005) , Raffl et al. (2006) , Moreau et al. (2008) , Cutler et al. (2008) and Mori et al. (2008) . A wider analysis of the primary succession literature is provided by Walker & del Moral (2003) . Theoretical understanding of succession is critically reviewed by McCook (1994) and Pickett & Cadenasso (2005) . Of particular relevance to early successional species composition are considerations of adaptive strategies (dispersal, colonisation and growth rates), tolerance to stress and disturbance, and the availability of safe sites. However, analysis of the pioneer zone of a large number of glacier forelands in a single research project has not previously been conducted.
Examples of research into variability of the pioneer stage of succession includes the work of Spence (1989) , Elven (1978) and Persson (1964) on glacier forelands, and del on mudflows and pumice surfaces on Mount St. Helens, all of which identified haphazard, random or stochastic pioneer assemblages. In contrast to these findings, Matthews (1978a) , Haugland & Beatty (2005) and Caccianiga et al. (2001) identified consistent groups of species within the pioneer stage on glacier forelands.
In this study, the frequency of occurrence of pioneer vascular plant species on glacier forelands was analysed to provide evidence of the extent to which species composition reflects consistently recurring communities, forms a continuum of variability and/or exhibits stochasticity. For the purposes of this study, Austin's (2005) definition of a plant community is considered appropriate, i.e. a consistent floristic composition, uniform physiognomy, occurring in a particular environment and occurring at several locations. Theories explaining observed patterns of variability in space and time within established vegetation have a long history of controversy and debate (e.g. Clements 1916 Clements , 1936 Gleason 1917 Gleason , 1927 Whittaker 1951 Whittaker , 1967 Collins et al. 1993; Austin 1999; Oksanen & Minchin 2002; Lortie et al. 2004 ). However, the disturbed sites typical of the pioneer stage of succession have largely been excluded from this debate (Daubenmire 1966) and are a significant omission (Cottam 1966) , particularly in light of the fact that substrate stability is unusual in arctic-alpine vegetation. If stochastic factors have a strong influence on pioneer vegetation, the data would be expected to show a high level of variability and unexplained variance.
Material and Methods

Study area
The study area (Fig. 1) includes the Jotunheim and Jostedalsbreen regions of southern Norway, which lie between latitudes 61° and 62°N and longitudes 6° and 9°E. The glacier forelands studied have an altitudinal range of 80-1860 m a.s.l. The Jotunheim region is situated across the transition between the maritime west and the more continental east, includes the highest mountain range in northern Europe and lies mainly above the treeline, which occurs at 1000-1200 m. The mean annual air temperature is -3.1 °C, with a July mean of + 5.7°C and a January mean of -10.7°C, and the mean annual precipitation is 860mm at an altitude of 1413m (Sognefjell meteorological station) (Aune 1993; F0rland 1993 ). There are approximately 300 glaciers and small ice caps within the Jotunheim mountains, and the lower limit of discontinuous permafrost lies at about 1490 m (Isaksen et al. 2002 ). An area of 1151km 2 is protected under National Park status and the main land uses are outdoor recreation and summer grazing of sheep, goats, cattle and domestic reindeer. The underlying geology is fairly uniform, consisting of pyroxene granulite gneiss with small outcrops of mylonite and peridotite.
The Jostedalsbreen region, to the west of Jotunheimen, includes the largest icecap on mainland Europe, which gives rise to approximately 50 outlet glaciers. A number of glacier forelands occur below the treeline, which lies at about 850 m. Data from the BJ0rkhaug-i-Jostedalen meteorological station (324 m) indicates a mean annual air temperature of +3.7°C, a July mean of + 13.4°C, a January mean of -4.9°C and a mean annual precipitation of 1380 mm (Aune 1993; F0rland 1993) . Outdoor recreational pursuits and agriculture (grazing and arable) are the main land uses and a number of major hydro-electric power plants are also situated in the area. Approximately 1310 km 2 of the Jostedalsbreen region, including most of the icecap has National Park status. The underlying geology is predominantly an acidic granitic gneiss.
Glacier forelands within these two regions ( Fig.  1 and Table 1 ) provide an opportunity to examine pioneer vegetation across an altitudinal gradient of 80-1860 m with an east-west range of approximately 100 km. Most of the glacier forelands have a general northerly or easterly aspect. The forelands, particularly within the pioneer zone closely adjacent to the glacier ice, are subject to direct and indirect disturbance due to the movement of the glacier, strong winds, low air temperatures, soil freezing and thawing, and continuous meltwater inflow during the summer (Matthews 1999) . The newly deglaciated substrates in these paraglacial landscapes are in the process of adjusting to the removal of glacier ice and consist predominantly of unconsolidated, water-saturated sediments. A considerable body of research Table 1 for key to numbered sites. has been undertaken into many aspects of primary succession on glacier forelands in the Jotunheim and Jostedalsbreen regions (Matthews 1978b; 1979a; 1979b; 1979c; 1979d; Matthews & Whittaker 1987; Whittaker 1989 Whittaker , 1991 Whittaker , 1993 Vetaas 1994 Vetaas , 1997 Haugland & Beatty 2005) . The patterns of successional change within this habitat are therefore relatively well understood and provide a framework within which to place detailed research on the pioneer stage.
Fieldwork
Pioneer species data were collected from 42 glacier forelands. Pioneer sites were denned as occupying the most recently deglacierized terrain close to the glacier front. The annual frontal variations of the small number of these glaciers that have been monitored (Nesje et al. 2008) show that glaciers in the region were retreating when transects were recorded between 1985 and 1988. Glacier retreat rates prior to this are consistent with terrain ages <20 years for the pioneer sites investigated (and much less than this for most of them). Altitude was estimated to the nearest 10 m a.s.l. from topographic maps with a contour interval of 20 m. A point 5 km to the west of the most easterly foreland sampled (Haugabreen) was used as a reference for measuring distance east (continentality).
The sites represent the first zone/stage in a chronosequence, a widely used concept in the context of glacier foreland succession (Matthews 1992; Foster & Tilman 2000) . Species were recorded in transects of contiguous quadrats (2x0.5m
2 ), starting with the individual plant closest to the glacier snout and continuing until 100 occurrences of species had been recorded on each site. The presence of each species in a quadrat was recorded, thus providing a measure of the relative local frequency of each species at that site. This rapid method of assessment allowed a large number of sites to be recorded in the sparsely vegetated terrain, is relatively objective, and avoids the necessity of delineating individual plants where growth form makes this difficult. Transect length and the distance from the glacier at which the first plant occurred (start distance from the glacier) are shown in Table 1 .
The recording method resulted in a start distance ranging from 0.5 to 164.5m, transect length from 6.0 to 213 m and the distance from the glacier to the end of each transect from 6.5 to 298.0 m. This variability is in part accounted for by differences in the rate of retreat of the glaciers; relatively long transects generally correspond with the relatively large glaciers where retreat rates were greater (e.g. Fabergst0lsbreen), glacier forelands with large areas of uncolonisable bedrock, open water or boulders (e.g. Sandelvbreen), or forelands disturbed by geomorphic processes such as frost action at high altitudes (e.g. Grasubreen).
Variability in transect length was also affected by local habitat conditions, including major disturbances such as shifting meltwater streams, and inhospitable substrates such as bedrock outcrops. The accidented nature of glacier forelands means that a degree of habitat heterogeneity is inevitable in this environment (Matthews 1999) . However, transects were located to minimise site-specific environmental variation. The optimal location was a flat, even surface, avoiding streams, pools and lakes to ensure similar moisture conditions. The preferred substrate was till (glacial sediment characterised by a mixture of grain sizes including silt, sand and cobbles) that had stabilised and had not been affected by glaciofluvial erosion or other geomorphic disturbances.
Nomenclature conforms with Lid & Lid (1994) . Information on key dispersal agents was obtained from an online database at the University of York (Peat & Fitter 2007) .
Data analysis
All data analyses were carried out using PC-ORD Overall variability was measured using S0rensen distance based on species abundance (Bray & Curtis 1957) , converted to percentage dissimilarity. This is a relatively sensitive measure of heterogeneity in large datasets, gives less weight to outliers than Euclidean distance (McCune & Grace 2002) and has performed well in comparisons with other distance measures (Faith et al. 1987) .
The relationship between glacier foreland sites in terms of their species composition was examined using non-metric multidimensional scaling (NMS). Sites were therefore plotted according to their rank order of compositional distances rather than absolute distances, which improves the ability to extract information from non-linear relationships. This overcomes the inherent limitation of dissimilarity coefficients in expressing large distances when sites with no species in common have a fixed maximum distance (Mather 1976; Kruskal & Wish 1978) . The most thorough PC-ORD autopilot option of NMS was used to ordinate the sites (40 runs with real data, 50 randomised runs, a maximum of 400 iterations and an instability criterion of 0.00001). Randomisation of the data with a Monte Carlo test allowed assessment of whether the NMS ordination axes have lower stress than expected by chance. Stress levels below 20% were considered to provide a satisfactory quantitative solution (Clarke 1993) , with levels approaching 20% providing a qualitative guide to the inter-relationships between sites. Following McCune & Grace (2002) , a final instability of 10 ~4 or less was considered acceptable. How well the relationships between sites in the numerical solution represent their relationships in the original dissimilarity matrix was assessed by the coefficient of determination (r 2 ) between distances in ordination space and distances in the original data (McCune & Grace 2002) .
Cluster analysis was selected to complement NMS ordination, providing a site classification based on the S0rensen proportion coefficient. PC-ORD software uses the clustering algorithm of Wishart (1969) and Post & Sheperd (1974) . Flexible sorting (with (3 = -0.25) was used, which provides a space-conserving method (McCune & Grace 2002) . This means that the distances between units are not significantly distorted by the formation of each new group. Determining the number of groups at which to analyse a dendrogram is always a compromise between obtaining maximum homogeneity and minimizing the number of groups. Three approaches were adopted in this study: (1) a multiresponse permutation procedure (MRPP) (Mielke & Berry 2001) to compare average within-group distances with those resulting from random combinations of the data; (2) indicator species analysis (Dufrene & Legendre 1997) to assess the collective indicator value at each level of clustering; and (3) a graphical representation of group centroids on the NMS diagram defined by the mean axis scores of each cluster. In the diagram, confidence ellipses indicate ± 2 SD from the mean and therefore enclose approximately 95% of sites within each cluster.
The MRPP method (Mielke & Berry 2001) produces a measure of chance-corrected withingroup agreement (^4-value), which is independent of sample size, and a T-value, which provides a measure of the separation between groups. The latter is the difference between the observed and expected within-group distances divided by the square root of the variance in the expected within-group distance. The change in A-and T-values at each level of clustering is used as a measure of the effect on withingroup homogeneity and between-group separation from adding an additional group.
Indicator species analysis (Dufrene & Legendre 1997 ) was used to identify characteristic species for the description and ecological assessment of groups, and to provide a measure of how well species are separated between groups. The statistical significance of indicator values was assessed with a Monte Carlo randomisation test, with the null hypothesis that the species has no indicator value. Groups were also analysed geographically, according to altitude and distance east (direct gradient analysis).
Variance partitioning as a component of canonical correspondence analysis (CCA) was used to quantify the relative contributions of altitude and continentality to the total variation in species abundances. Variance partitioning was carried out using Canoco 4.54 software (ter Braak & Smilauer 2006 ) and the technique is described in Okland & Eilertsen (1994) and Leps & Smilauer (2003) .
Results
A total of 71 species was recorded on the 42 glacier foreland pioneer sites, with seven species occurring on > 50% of sites, 18 species on at least 20% of sites and 33 on fewer than 5% of sites. Table 2 Table 2 . Species recorded on glacier foreland pioneer sites, % sites at which the species is present and mean abundance. Nomenclature conforms with Lid & Lid (1994 
stellaris (38%). Silene acaulis, Epilobium anagallidifolium, Luzula spicata and Omalotheca norvegica
were also found on >20% of sites. The glacier foreland pioneer vegetation is therefore predominantly herbaceous, consisting of both grasses and forbs, with the shrubs S. glauca and S. herbacea also attaining high relative abundances. All species are perennials and the majority are adapted for either water or wind dispersal and also have the capacity for vegetative propagation.
The mean S0rensen distance between glacier foreland sites, which quantifies the overall variability within this dataset, is 0.65 ± 0.02 (95% confidence interval). Outlier analysis revealed that the three forelands with the greatest mean S0rensen distances from other sites are Vivakulen (mean distance = 0.88 ± 0.03), B0yabreen (mean distance = 0.87 ± 0.03) and Besshobreen (mean distance = 0.84 ± 0.02). Vivakulen has only two species present {Luzula arcuata and O. digyna); B0yabreen has 22 species, eight of which do not occur on other forelands; and Besshobreen is unusual in having a relative frequency of 86% R. glacialis and only two other species (P. alpina and F. ovina). Because these three forelands lie within ± 3 SD limits, they are considered to be extremes rather than outliers and are therefore included in subsequent analyses. B0yabreen, with eight rare species, is a possible candidate for exclusion as an outlier but, as its mean distance from other sites is lower than that of Vivakulen, such exclusion cannot be justified.
NMS ordination with all sites and species included (Fig. 2) resulted in a stress of 19.7% for two dimensions (P = 0.0196) and 13.7% for three dimensions (P = 0.0196). Instability reached a level of 10 ~5 for three dimensions after 112 iterations and 10 ~4 for two dimensions after 50 iterations. These stress levels suggest a meaningful visual representation despite a lack of clear structure in the variation in species composition between sites. The ordination was assessed further by calculating coefficients of determination for the correlation between ordination distances and distances in the original n-dimensional space. The cumulative r 2 for the three-dimensional ordination is 0.81, while that for two-dimensional ordination is 0.76. There is therefore an increase in stress of only 6% and a reduction in the coefficient of determination of only 5% if two axes are used instead of three. Instability is higher for two dimensions than for three but both are within acceptable limits. The two-dimensional ordination diagram is therefore preferred because the three-dimensional representation does not provide an appreciable improvement and is more difficult to interpret. There were no obvious clusters or clear divisions between groups of sites that could form the basis for classification (Fig. 2) . However, the three sites that were identified as extremes are clearly separated from each other and from the majority of other sites on the ordination diagram. NMS ordination with rare species excluded (i.e. those recorded on < 5% sites) failed to reach a stable solution. At the three-group level, Vivakulen and B0yabreen form a separate two-site group, which subsequently forms two single-site groups at the five-group level. The initial clustering of these two sites reflects their dissimilarity from other sites in terms of species composition rather than any similarity between them. Furthermore, the subsequent formation of single-site groups means that higher levels are not suitable for MRPP and indicator species analysis. At the four-group level, Besshobreen forms a twosite group with Austabotbreen. Both these forelands have high relative frequencies of Rancunculus glacialis but are not otherwise unusual.
MRPP analysis was therefore carried out up to the four-group level only: above this level, as outlined above, the data split into single-site groups. The MRPP statistics reveal that separation between groups is generally low (T= -12.1 to -14.3) (Table 3) and the T statistic is lower for three groups than for two or four, indicating less separation at the three-group level. Assessment of the relative numbers of indicator species and the sum of significant indicator values at each level of clustering ( Table 3 ) also shows that the three-group level gives a lower value for both factors than the two-or four-group levels. The two-group level is therefore considered most appropriate, given the relatively small number of sites, but the four-group level is also examined. As ordination did not reveal a strong structure in the data, it is likely that none of the groups is a natural group and that division of the sites into groups is essentially arbitrary.
Examination of the group centroids at the twogroup level (Fig. 3) shows that sites in group 2A tend to have lower scores on both axes than sites in group 2B. The ordination distance between sites at the border between the two groups does not show any discontinuity and, moreover, there do not appear to be areas of tighter clustering within either of the two groups. Furthermore, assessment of indicator species for these two groups (Table 4) suggests that those species indicative of group 2B are more typical of mid-to high-alpine zones, e.g. Saxifraga cespitosa, Arabis alpina and R. glacialis, while those indicative of group 2A are more typical of sites with higher moisture, e.g. Saxifraga stellaris, Omalotheca supina and E. anagallidifolium. A comparison of indicator values for each species between the two groups confirms that the majority of group 2A indicators are absent from group 2B but not vice versa. This also suggests that these groups are part of a continuum of variation and hence are best considered sub-communities or variants. Naming of these two groups on the basis of their most important indicator species results in the D. alpina-O. digyna sub-community (2A) and the S. cespitosa-T. spicatum sub-community (2B).
When sites within these two sub-communities were plotted by their altitude and continentality (Fig. 4) , the resulting direct gradient analysis shows that the D. alpina-O. digyna sub-community occurs across the entire range of altitudes and distances east, whereas the S. cespitosa-T. spicatum sub-community occurs only at altitudes of 1100 m and above and at a minimum distance east of 60 km. These results indicate that, rather than the two sub- communities being clearly separated in terms of altitude or continentality, the latter sub-community has a more restricted distribution. This provides further evidence of continuity within the glacier foreland pioneer community as a whole.
Clustering of the glacier foreland pioneer sites into four groups (Fig. 5) produced groups 4A to 4C (which again appear to be divided along a continuum rather than forming clusters of sites) and group 4D, which is based on a very small number of sites. The results of indicator species analysis (Table  5) show that group 4C has the largest number of indicators, all of which (with the exception of Saxifraga stellaris with an indicator value of 14% in group 4A) are either absent from or have values of 10% or less in other groups. Group 4A has only two significant indicator species: O. digyna (53%), which also has a fairly high value (23%) in group 4C, and D. alpina (52%), which has a value of 27% in group 4C. Group 4B has three indicator species: T. spicatum (74%), Arabis alpina (64%) and S. cespitosa (58%), none of which has a value of > 10% in another group. Group 4D is characterised by one species, R. glacialis (87%), which has low indicator values within two of the other groups. On the basis • 4 *• >e of this evidence, there seems little justification for subdivision into four sub-groups. Group 4A is characterised solely on the relative abundance of two widespread species, while group 4D consists of only two sites and is characterised by a single species. Groups 4A, 4B and 4C therefore appear to be part of a continuum of change, rather than distinct communities.
Direct gradient analysis at the four-group level (Fig. 6) shows that group 4A consists of sites with a broad altitudinal and regional range, while group 4C is restricted to sites to the west of the region (a maximum of 40 km east), the majority of which lie below 1000 m. Group 4D is not separated from groups 4A or 4B in terms of altitude or continentality. At the four-group level, therefore, only group 4C has a relatively discrete altitudinal and regional distribution.
Variance partitioning of the dataset showed that, of the total variation in species abundance, altitude alone accounts for 24%, distance east for 18%, and the component shared by altitude and distance east represents 17% (Table 6 ). (These factors account for 37% (altitude), 29% (distance east) and 27% (shared component) of the explained variation.)
Discussion
The nature of pioneer species
Many species have been recorded in the pioneer zones of these glacier forelands (71 species). This number is, however, lower than on roadside sites (152 species) in the same study area within a similar altitudinal range (Robbins 2007) , suggesting that glacier foreland pioneer vegetation is perhaps less variable in terms of species composition than roadside pioneer vegetation. This is supported by a lower mean S0rensen dissimilarity of 65% on the forelands compared with 81% on roadsides, and also by the comparable value of 70% for sites deglaciated for up to 23 years on Coleman Glacier foreland, Washington (Jones & del Moral 2005) . The most frequent pioneer species are those identified by Matthews (1978a) on Storbreen glacier foreland, i.e. a "core" group of pioneer species consisting of Saxifraga stellar is, D. alpina and Cerastium spp, with S. cespitosa and Arabis alpina also being confined to the youngest terrain. O. digyna, Cardamine bellidifolia, Luzula arcuata, L. spicata and R. glacialis were found in conjunction with the "core" pioneers, and P. alpina and T. spicatum were commonly found in the pioneer zone at Storbreen. Eight of these species were recorded on at least 45% of the 42 glacier forelands in this study, with S. stellar is, L. spicata and L. arcuata recorded on 38%, 26% and 17%, respectively. Only two frequent pioneer species (F. ovina and S. glauca) were not included in Matthews' (1978a) pioneer group. The pioneer species identified by Matthews at Storbreen are therefore confirmed as being highly representative of glacier foreland pioneer sites within the study area.
The dominance of the pioneer vegetation by perennial grasses and forbs is consistent with previous findings (Matthews 1992; Chapin III 1993) . Perennial plants are known to predominate in alpine tundra where the low summer temperatures are not sufficient for annuals to reach maturity and set seed in a single season (Bliss 1971) . The dominance of perennial species on glacier forelands at all altitudes therefore suggests that glacier proximity has an effect on species composition at this early stage.
The prevalence of wind-and water-dispersed seeds emphasises the strong influence of environmental factors on the spread of pioneer species (Jumpponen et al. 1999) . Dispersal mechanisms have been addressed in several studies, and wind dispersal has been cited as a major mode of pioneer immigration onto glacier forelands (Ryvarden 1971; Stocklin & Baumler 1996) . Glacial meltwater streams and rivers are considered important dispersal routes for species with or without adaptive structures (Stocklin & Baumler 1996) . Studies of pioneer vegetation on pumice at Mount St. Helens (del Moral & Jones 2002 ) and sand dunes in France and Belgium (Bossuyt et al. 2003 ) also found initial domination by species with good dispersal. The high incidence of capacity to reproduce vegetatively in pioneer species is consistent with the findings of Whittaker (1993) on Storbreen glacier foreland. However, he found that, although many pioneer species can propagate vegetatively, they dominate only on relatively undisturbed sites. In an environment characterised by repeated disturbance and infertility, it is possible that these species constitute a stress-tolerant, disturbance-tolerant group (sensu Grime 1979) . Ecological traits will be discussed in a future paper, which will present the results of analysis of Ellenberg indicator values (Ellenberg 1974) along glacier foreland chronosequences.
The nature of the pioneer community
The ordination and classification results both suggest that this dataset consists broadly of P. alpina-O. digyna vegetation characterised by variation in species composition within a continuum. The necessity of including rare species in order to reach a stable NMS ordination points to a relatively weak structure in these data (McCune & Grace 2002) . Furthermore, MRPP of the cluster analysis groups showed no sharp improvements in withingroup agreement or between-group separation as additional groups are recognised.
Classification can provide a useful, if somewhat arbitrary, clustering of the data into two subcommunities: D. alpina-O. digyna (2A), which has a wide altitudinal and geographical distribution, and S. cespitosa-T. spicatum (2B), which occurs only in Jotunheimen above the treeline.
The findings have parallels with those of Matthews (1978b) and Whittaker (1993) . Two indicator species within the S. cespitosa-T. spicata subcommunity (S. cespitosa and Arabis alpina) were identified by both of these authors as indicating the youngest terrain at Storbreen. This suggests that a number of forelands at higher altitudes are characterised by species that tend to colonise at an earlier stage of succession than at lower altitudes where there may be greater separation of species within the pioneer stage as have denned here. O. digyna (subcommunity 2A) was found by Matthews (1978a) to be a late pioneer at Storbreen and was identified as common after 40 years by Whittaker (1993) , who considered the possible control of its distribution by microsite variations in moisture availability. D. alpina was also found by Whittaker (1993) to attain peak abundance on 40-49-year-old terrain on the Storbreen foreland and to colonise older sites supplied with fresh glacial silt from meltwater. Other indicator species within sub-community 2A include O. supina and O. norvegica, which are included in Matthews' (1978a) snowbed species group, and P. alpinum, which he considered to be a transitional species between the pioneer and the snowbed group. The D. alpina-O. digyna sub-community may therefore be characteristic of wetter sites, with laterlying snow. This is supported by Whittaker's (1991) directly measured shift in species composition over 12 years on Storbreen foreland from D. alpina and O. digyna to species characteristic of drier conditions (including T. spicatum).
Variance partitioning confirmed that altitude and continentality explain a significant percentage of the variation in species composition within this dataset. At a regional scale, therefore, climatic conditions attributable to altitude and degree of continentality would appear to be influencing pioneer assemblages. The component of continentality that is not correlated with altitude (18% of total variance) suggests that seasonal extremes in temperature and precipitation may influence the early stages of glacier foreland colonisation (eastern sites being characterised by relatively cold, dry winters and hot, dry summers). At a local geographical scale, it is likely that habitat factors, such as snow distribution, microsite characteristics and stochasticity account for a high proportion of the unexplained variance.
Conclusion
The extensive, regional-scale sampling used in this project has led to results that support the concept of a degree of consistency in the species composition of pioneer plant communities on glacier forelands when examined at a broad (regional) scale. The overall level of variability between sites, demonstrated by a mean S0rensen dissimilarity of 65%, is lower than that of pioneer species on disturbed roadside sites within the same altitudinal range. This arguably constitutes a poorly structured single community. However, when viewed at a finer scale, the pioneer vegetation appears to be more variable, with dominant species missing from several sites, suggesting a higher degree of stochasticity than in more mature communities.
As an alternative to forming a single community, the pioneer vegetation can be divided within a continuum of variation to produce two emerging sub-communities. These reflect the influence of environmental factors and, possibly, early successional development within the pioneer stage. Variance partitioning indicates, moreover, that altitudinal and continentality gradients are important in accounting for a significant proportion of the variability within this dataset. It would appear appropriate, therefore, to regard pioneer vegetation not as an entirely haphazard or random assortment of individual species but as an assemblage characterised by a low level of organisation (which becomes more organised later in succession).
